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ARTICLE OF FOOTWEAR HAVINGA 
FLUID-FILLED CHAMBER WITH FLEXON 

ZONES 

BACKGROUND 

A conventional article of athletic footwear includes two 
primary elements, an upper and a sole structure. The upper 
provides a covering for the foot that securely receives and 
positions the foot with respect to the sole structure. In addi 
tion, the upper may have a configuration that protects the foot 
and provides ventilation, thereby cooling the foot and remov 
ing perspiration. The Sole structure is secured to a lower 
Surface of the upper and is generally positioned between the 
foot and the ground to attenuate ground reaction forces. The 
sole structure may also provide traction and control foot 
motions, such as over pronation. Accordingly, the upper and 
the sole structure operate cooperatively to provide a comfort 
able structure that is suited for a wide variety of ambulatory 
activities, such as walking and running. 
The sole structure of athletic footwear generally exhibits a 

layered configuration that includes a comfort-enhancing 
insole, a resilient midsole formed from a polymer foam, and 
a ground-contacting outsole that provides both abrasion-re 
sistance and traction. Suitable polymer foam materials for the 
midsole include ethylvinylacetate or polyurethane that com 
press resiliently under an applied load to attenuate ground 
reaction forces. Conventional polymer foam materials are 
resiliently compressible, in part, due to the inclusion of a 
plurality of open or closed cells that define an inner volume 
Substantially displaced by gas. That is, the polymer foam 
includes a plurality of bubbles that enclose the gas. Following 
repeated compressions, the cell structure may deteriorate, 
thereby resulting in decreased compressibility of the foam. 
Accordingly, the force attenuation characteristics of the mid 
sole may decrease over the lifespan of the footwear. 
One manner of reducing the weight of a polymer foam 

midsole and decreasing the effects of deterioration following 
repeated compressions is disclosed in U.S. Pat. No. 4,183,156 
to Rudy, hereby incorporated by reference, in which cushion 
ing is provided by a fluid-filled chamber formed of an elas 
tomeric materials. The chamber includes a plurality of tubular 
chambers that extend longitudinally along a length of the sole 
structure. The chambers are in fluid communication with each 
other and jointly extend across the width of the footwear. The 
chamber may be encapsulated in a polymer foam material, as 
disclosed in U.S. Pat. No. 4,219,945 to Rudy, hereby incor 
porated by reference. The combination of the chamber and 
the encapsulating polymer foam material functions as a mid 
sole. Accordingly, the upper is attached to the upper Surface of 
the polymer foam material and an outsole or tread member is 
affixed to the lower surface. 
Chambers of the type discussed above are generally 

formed of an elastomeric material and are structured to have 
upper and lower portions that enclose one or more chambers 
therebetween. The chambers are pressurized above ambient 
pressure by inserting a nozzle or needle connected to a fluid 
pressure source into a fill inlet formed in the chamber. Fol 
lowing pressurization of the chambers, the fill inlet is sealed 
and the nozzle is removed. 

Fluid-filled chambers suitable for footwear applications 
may be manufactured by a two-film technique, in which two 
separate sheets of elastomeric film are formed to exhibit the 
overall peripheral shape of the chamber. The sheets are then 
bonded together along their respective peripheries to form a 
sealed structure, and the sheets are also bonded together at 
predetermined interior areas to give the chamber a desired 
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2 
configuration. That is, the interior bonds provide the chamber 
with chambers having a predetermined shape and size. Such 
chambers have also been manufactured by a blow-molding 
technique, wherein a molten or otherwise softened elasto 
meric material in the shape of a tube is placed in a mold 
having the desired overall shape and configuration of the 
chamber. The mold has an opening at one location through 
which pressurized air is provided. The pressurized air induces 
the liquefied elastomeric material to conform to the shape of 
the inner surfaces of the mold. The elastomeric material then 
cools, thereby forming a chamber with the desired shape and 
configuration. 

SUMMARY 

One aspect of the invention is an article of footwear having 
an upper and a sole structure secured to the upper. The sole 
structure includes a midsole element and a fluid-filled cham 
ber. The midsole element defines a first midsole portion and a 
second midsole portion separated by a midsole flexion Zone, 
and the first midsole portion is rotatable with respect to the 
second midsole portion at the midsole flexion Zone. The 
chamber has a first chamber portion and a second chamber 
portion separated by a chamber flexion Zone, and the first 
chamber portion is rotatable with respect to the second cham 
ber portion at the chamber flexion Zone. The first chamber 
portion is coupled to the first midsole portion, the second 
chamber portion is coupled to the second midsole portion, 
and the chamber flexion Zone is aligned with the midsole 
flexion Zone. 

Another aspect of the invention is an article of footwear 
having an upper and a sole structure secured to the upper. The 
sole structure includes a chamber having an outer barrier and 
a tensile member. The outer barrier has a first surface and an 
opposite second Surface bonded together around a periphery 
of the chamber to define a peripheral bond and seal a fluid 
within the chamber. The tensile member is located within the 
outer barrier and is bonded to the first surface and the second 
surface to restrain outward movement of the first surface and 
the second surface due to a pressure of the fluid. The tensile 
member has a first portion and a second portion separated by 
a flexion Zone, and at least a part of the tensile member being 
absent in the flexion portion. The first surface and the second 
surface are at least partially bonded together in the flexion 
Zone and between the first portion and the second portion of 
the tensile member. 
The advantages and features of novelty characterizing vari 

ous aspects of the invention are pointed out with particularity 
in the appended claims. To gain an improved understanding 
of the advantages and features of novelty, however, reference 
may be made to the following descriptive matter and accom 
panying drawings that describe and illustrate various embodi 
ments and concepts related to the aspects of the invention. 

DESCRIPTION OF THE DRAWINGS 

The foregoing Summary, as well as the following Detailed 
Description, will be better understood when read in conjunc 
tion with the accompanying drawings. 

FIG. 1 is a lateral elevational view of an article of footwear 
having a first sole structure in accordance with aspects of the 
invention. 

FIG. 2 is a medial elevational view of the article of foot 
Wea. 

FIG. 3 is a top plan view of the article of footwear. 
FIGS. 4A and 4B are cross-sectional views of the article of 

footwear, as defined by section lines 4A and 4B in FIG. 3. 
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FIG. 5 is a partial lateral elevational view of the article of 
footwear in a flexed configuration. 

FIG. 6 is a bottom plan view of the first sole structure. 
FIGS. 7A-7G are cross-sectional views of the first sole 

structure, as defined by section lines 7A-7G in FIG. 6. 
FIG. 8 is a perspective view of a second sole structure. 
FIG. 9 is an exploded perspective view of the second sole 

Structure. 

FIG. 10 is a top plan view of the second sole structure. 
FIGS. 11A-11D are cross-sectional views of the second 

sole structure, as defined by section lines 11A-11D in FIG. 
10. 

FIG. 12 is a perspective view of a third sole structure. 
FIG. 13 is an exploded perspective view of the third sole 

Structure. 

FIG. 14 is a top plan view of the third sole structure. 
FIG. 15 is a top plan view of another chamber configura 

tion. 
FIG. 16 is a lateral elevational view of an article of foot 

wear with a fourth sole structure. 
FIG. 17 is a schematic bottom plan view of the fourth sole 

Structure. 

FIG. 18 is a perspective view of a fluid-filled chamber of 
the fourth sole structure. 

FIG. 19 is a top plan view of the chamber. 
FIGS. 20A and 20B are cross-sectional views of the cham 

ber, as defined by section lines 20A and 20B in FIG. 19. 
FIG. 21 is a top plan view of yet another chamber configu 

ration. 
FIGS. 22A and 22B are cross-sectional views of the cham 

ber, as defined by section lines 22A and 22B in FIG. 21. 
FIG. 23 is a top plan view of another chamber configura 

tion. 
FIGS. 24A and 24B are cross-sectional views of the cham 

ber, as defined by section lines 24A and 24B in FIG. 23. 

DETAILED DESCRIPTION 

The following discussion and accompanying figures dis 
close an article of footwear 10 in accordance with aspects of 
the present invention. Footwear 10 is depicted in the figures 
and discussed below as having a configuration that is Suitable 
for athletic activities, particularly running. The concepts dis 
closed with respect to footwear 10 may, however, be applied 
to footwear styles that are specifically designed for a wide 
range of other athletic activities, including basketball, base 
ball, football, Soccer, walking, and hiking, for example, and 
may also be applied to various non-athletic footwear styles. 
Accordingly, one skilled in the relevant art will recognize that 
the concepts disclosed herein may be applied to a wide range 
of footwear styles and are not limited to the specific embodi 
ments discussed below and depicted in the figures. 

Footwear 10 is depicted in FIGS. 1-5 and includes an upper 
20 and a sole structure 30. Upper 20 is formed from various 
material elements that are stitched or adhesively-bonded 
together to form an interior void that comfortably receives a 
foot and secures the position of the foot relative to sole struc 
ture 30. Sole structure 30 is secured to a lower portion of 
upper 20 and provides a durable, wear-resistant component 
for attenuating ground reaction forces and absorbing energy 
(i.e., providing cushioning) as footwear 10 impacts the 
ground. 

For purposes of reference, footwear 10 may be divided into 
three general regions: a forefoot region 11, a midfoot region 
12, and a heel region 13, as defined in FIGS. 1 and 2. Footwear 
10 also includes a medial side 14 and an opposite lateral side 
15. Regions 11-13 and sides 14-15 are not intended to demar 
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4 
cate precise areas of footwear 10. Rather, regions 11-13 and 
sides 14-15 are intended to represent general areas of foot 
wear 10 that provide a frame of reference during the following 
discussion. Although regions 11-13 and sides 14-15 apply 
generally to footwear 10, references to regions 11-13 and 
sides 14-15 may also apply specifically to upper 20, sole 
structure 30, or an individual component or portion within 
either of upper 20 or sole structure 30. 
A variety of materials are suitable for upper 20, including 

the materials that are conventionally utilized in footwear 
uppers. Accordingly, upper 20 may be formed from combi 
nations of leather, synthetic leather, natural or synthetic tex 
tiles, polymer sheets, polymer foams, mesh textiles, felts, 
non-woven polymers, or rubber materials, for example. The 
exposed portions of upper 20 are formed from two coexten 
sive layers of material that are stitched or adhesively bonded 
together. As depicted in FIGS. 1, 2, and 4A, for example, the 
layers include an exterior layer 21 and an adjacent interior 
layer 22. Exterior layer 21 is positioned on an exterior of 
upper 20, and interior layer 22 is positioned on an interior of 
upper 20 so as to form a surface of the void within upper 20. 

Exterior layer 21 includes a plurality of incisions 23 that 
expose underlying portions of interior layer 22. By exposing 
interior layer 22, the stretch properties of upper 20 are selec 
tively modified. In areas where no incisions 23 are present, 
each of layers 21 and 22 contribute to the stretch-resistance of 
upper 20. In areas where incisions 23 are present, however, 
incisions 23 permit exterior layer 21 to stretch to a greater 
degree. Accordingly, incisions 23 are formed in upper 20 to 
selectively vary the degree of stretch in specific portions of 
upper 20. In addition, incisions 23 may be utilized to vary the 
air-permeability, flexibility, and overall aesthetics (e.g., 
color) of upper 20. 

Sole structure 30 includes an insole 31, a midsole 32, and 
an outsole 33. Insole 30 is positioned within upper 20 and is 
positioned to contact the plantar (lower) surface of the foot 
and enhance the comfort of footwear 10. Midsole 32 is 
secured to a lower portion of upper 20 and is positioned to 
extend under the foot during use. Among other purposes, 
midsole 32 attenuates ground reaction forces when walking 
or running, for example Suitable materials for midsole 32 are 
any of the conventional polymer foams that are utilized in 
footwear midsoles, including ethylvinylacetate and polyure 
thane foam. Midsole 32 may also be formed from a relatively 
lightweight polyurethane foam having a specific gravity of 
approximately 0.22, as manufactured by Bayer AG under the 
BAYFLEXTM. Outsole 33 is secured to a lower Surface of 
midsole 32 to provide wear-resistance, and outsole 33 may be 
recessed within midsole 32. Although outsole 33 may extend 
throughout the lower surface of midsole 32, outsole 33 is 
located within heel portion 13 in the particular embodiment 
depicted in the figures. Suitable materials for outsole 33 
include any of the conventional rubber materials that are 
utilized in footwear outsoles, such as carbon black rubber 
compound. 
A conventional footwear midsole is a unitary, polymer 

foam structure that extends throughout the length of the foot 
and may have a stiffness or inflexibility that inhibits the 
natural motion of the foot. In contrast with the conventional 
footwear midsole, midsole 32 has an articulated structure that 
imparts relatively high flexibility and articulation. The flex 
ible structure of midsole 32 (in combination with the structure 
of upper 20) is configured to complement the natural motion 
of the foot during running or other activities, and may impart 
a feeling or sensation of barefoot running. In contrast with 
barefoot running, however, midsole 32 attenuates ground 
reaction forces to decrease the overall stress upon the foot. 
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Midsole 32 includes a connecting portion 40 and a siped 
portion 50. Connecting portion 40 forms an upper surface 41 
and an opposite lower Surface 42. Upper Surface 41 is posi 
tioned adjacent to upper 20 and may be secured directly to 
upper 20, thereby providing support for the foot. Upper sur 
face 41 may, therefore, be contoured to conform to the natu 
ral, anatomical shape of the foot. Accordingly, the area of 
upper Surface 41 that is positioned in heel region 13 may have 
a greater elevation than the area of upper Surface 41 in fore 
foot region11. In addition, upper Surface 41 may form an arch 
Support area in midfoot region 12, and peripheral areas of 
upper Surface 41 may be generally raised to provide a depres 
sion for receiving and seating the foot. In further embodi 
ments, upper Surface 41 may have a non-contoured configu 
ration. 

Siped portion 50 forms a plurality of individual, separate 
sole elements 51 that are separated by a plurality of sipes 
52a-52l. Sole elements 51 are discrete portions of midsole 30 
that extend downward from connecting portion 40. In addi 
tion, Sole elements 51 are secured to connecting portion 40 
and may be formed of unitary (i.e., one-piece) construction 
with connecting portion 40. The shape of each sole element 
51 is determined by the positions of the various sipes 52a-52l. 
As depicted in FIG. 6, sipes 52a and 52b extend in a longitu 
dinal direction along sole structure 30, and sipes 52c-52d 
extend in a generally lateral direction. This positioning of 
sipes 52a-52l forms a majority of sole elements 51 to exhibit 
a generally square, rectangular, or trapezoidal shape. The 
rearmost sole elements 51 have a quarter-circular shape due 
to the curvature of sole structure 30 in heel region 13. 

The shape of each sole element 51, as discussed above, is 
determined by the positions of the various sipes 52a-52l, 
which are incisions or spaces that extend upward into midsole 
32 and extend between sole elements 51. In general, sipes 
52a-52l may extend at least one-half of a distance between the 
lower surface of sole elements 51 and upper surface 41. That 
is, sipes 52a-52l may be indentations or incisions in midsole 
32 that extend through at least one-half of a thickness of 
midsole 32. In some embodiments, however, sipes 52a-52d 
may extend through less than one-half of the thickness of 
midsole 32. 

Sipes 52a-521 increase the flexibility of sole structure 30 by 
forming an articulated configuration in midsole 32, as 
depicted in FIGS. 7A-7G. Whereas the conventional foot 
wear midsole is a unitary element of polymer foam, sipes 
52a-52l form flexion lines in sole structure 30 and, therefore, 
have an effect upon the directions of flex in midsole 32. The 
manner in which sole structure 30 may flex or articulate as a 
result of sipes 52a-52l is graphically depicted in FIG. 5. 

Lateral flexibility of sole structure 30 (i.e., flexibility in a 
direction that extends between a lateral side and a medial 
side) is provided by sipes 52a and 52b. Sipe 52a extends 
longitudinally through all three of regions 11-13. Although 
sipe 52a may have a straight or linear configuration, Sipe 52a 
is depicted as having a generally curved or S-shaped configu 
ration. In forefoot region 11 and midfoot region 12, sipe 52a 
is spaced inward from the lateral side of sole structure 30, and 
sipe 52a is centrally-located in heel region 13. Sipe 52b. 
which is only located in forefoot region 11 and a portion of 
midfoot region 12, is centrally-located and extends in a direc 
tion that is generally parallel to sipe 52a. In general, the depth 
of sipes 52a and 52b increase as sipes 52a and 52b extend 
from forefoot region 11 to heel region 13. 

Longitudinal flexibility of sole structure 30 (i.e., flexibility 
in a direction that extends between regions 11 and 13) is 
provided by sipes 52c-52l. Sipes 52C-52fare positioned in 
forefoot region 11, sipe 52g generally extends along the inter 
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6 
face between forefoot region 11 and midfoot region 12, sipes 
52h and 52i are positioned in midfoot region 12, sipe 52i 
generally extends along the interface between midfoot region 
12 and heel region 13, and sipes 52R and 52l are positioned in 
heel region 13. Referring to FIG. 6, sipes 52i-52l are gener 
ally parallel and extend in a medial-lateral direction. 
Although sipes 52c-52h also have a generally parallel con 
figuration and extend in the medial-lateral direction, Sipes 
52C-52h are somewhat angled with respect to sipes 52i-52l. 
The positions and orientations of sipes 52a-52l are selected 

to complement the natural motion of the foot during the 
running cycle. In general, the motion of the foot during run 
ning proceeds as follows: Initially, the heel strikes the ground, 
followed by the ball of the foot. As the heel leaves the ground, 
the foot rolls forward so that the toes make contact, and finally 
the entire foot leaves the ground to begin another cycle. 
During the time that the foot is in contact with the ground, the 
foot typically rolls from the outside or lateral side to the inside 
or medial side, a process called pronation. That is, normally, 
the outside of the heel strikes first and the toes on the inside of 
the foot leave the ground last. Sipes 52C-52l ensure that the 
foot remains in a neutral foot-strike position and complement 
the neutral forward roll of the foot as it is in contact with the 
ground. Sipes 52a and 52b provide lateral flexibility in order 
to permit the foot to pronate naturally during the running 
cycle. Similarly, the angled configuration of sipes 52C-52h, as 
discussed above, provides additional flexibility that further 
enhances the natural, motion of the foot. 

Sipe 52e has a width that is greater than the other sipes 
52a-52d and 52f 531 in order to permit reverse flex in forefoot 
region 11. In general, sipes 52a-52l permit upward flexing of 
sole structure 30, as depicted in FIG. 5. In order to provide 
further traction at the end of the running cycle (i.e., prior to 
when the toes leave the ground), an individual may plantar 
flex the toes or otherwise press the toes into the ground. The 
wider aspect to sipe 52e facilitates the plantarflexion, thereby 
encouraging the natural motion of the foot during running. 
That is, sipe 52e forms a reverse flex groove in midsole 32. In 
some embodiments, two or more of sipes 52C-52g may 
exhibit a wider aspect to facilitate reverse flex. 

Outsole 33 includes a plurality of outsole elements that are 
secured to a lower surface of selected sole elements 51, and an 
indentation is formed in the lower surface of the selected sole 
elements 51 to receive the outsole elements. As depicted in 
the figures, outsole 33 is limited to heel region 13. In some 
embodiments, however, each sole element 51 may be associ 
ated with an outsole element, or outsole 33 may extend 
throughout the lower surface of midsole 32. 
A plurality of manufacturing methods are suitable for 

forming midsole 32. For example, midsole 32 may beformed 
as a unitary element, with sipes 52a-52l being subsequently 
formed through an incision process. Midsole 32 may also be 
molded such that sipes 52a-52l are formed during the mold 
ing process. Suitable molding methods for midsole 32 include 
injection molding, pouring, or compression molding, for 
example. In each of the molding methods, a blown polymer 
resin is placed within a mold having the general shape and 
configuration of midsole 32. The mold includes thin blades 
that correspond with the positions of sipes 52a-52l. The poly 
mer resin is placed within the mold and around each of the 
blades. Upon setting, midsole 32 is removed from the mold, 
with sipes 52a-52l being formed during the molding process. 
The width of sipes 52a-52l may be controlled through modi 
fications to the blade thicknesses within the mold. Accord 
ingly, the reverse flex properties of sipe 52e, for example, may 
be adjusted through the thickness of the blade that forms sipe 
52e, and the degree to which the other sipes 52a-52d and 
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52f 52d flex in the reverse direction may be controlled through 
the thickness of corresponding blades. A Suitable width range 
for the blades that form sipes 52a-52d and 52f 521 is 0.2-0.3 
millimeters, which provides a relatively small degree of 
reverse flex. Similarly, a suitable width range for the portion 
of the mold that forms sipe 52e is 3-5 millimeters, for 
example, which provides a greater degree of reverse flex. 

Upper 20 and sole structure 30 have a structure that coop 
eratively flex, stretch, or otherwise move to provide an indi 
vidual with a sensation of natural, barefoot running. That is, 
upper 20 and sole structure 30 are configured to complement 
the natural motion of the foot during running or other activi 
ties. As discussed above, exterior layer 14 includes a plurality 
of incisions 23 that enhance the stretch properties of upper 20 
in specific areas and in specific directions. The positions, 
orientations, and depths of sipes 52a-52l are selected to pro 
vide specific degrees of flexibility in selected areas and direc 
tions. That is, sipes 52a-52l may be utilized to provide the 
individual with a sensation of natural, barefoot running. In 
contrast with barefoot running, however, sole structure 30 
attenuates ground reaction forces to decrease the overall 
stress upon the foot. 
The conventional sole structure, as discussed above, may 

have a relatively stiff or inflexible construction that inhibits 
the natural motion of the foot. For example, the foot may 
attempt to flex during the stage of the running cycle when the 
heel leaves the ground. The combination of the inflexible 
midsole construction and a conventional heel counter oper 
ates to resist flex in the foot. In contrast, footwear 10 flexes 
with the foot, and may have a configuration that does not 
incorporate a conventional heel counter. 
An alternate configuration for sole structure 30 is depicted 

in FIGS. 8-11D. In contrast with the configuration discussed 
above, FIGS. 8-11D depict midsole 32 as including a fluid 
filled chamber 60 that enhances the ground reaction force 
attenuation properties of sole structure 30. The polymer foam 
material of midsole 32 is depicted as defining an indentation 
in upper surface 41 that receives chamber 60. Alternately, 
chamber 60 may replace insole 31, chamber 60 may rest upon 
upper Surface 41, or the polymer foam material may encap 
Sulate chamber 60. Accordingly, a variety of techniques may 
be utilized to incorporate chamber 60 into sole structure 30. 

The primary elements of chamber 60 are an outer barrier 70 
and a tensile member 80. Barrier 70 may be formed of a 
polymer material and includes a first barrier layer 71 and a 
second barrier layer 72 that are substantially impermeable to 
a pressurized fluid contained by chamber 60. First barrier 
layer 71 and second barrier layer 72 are bonded together 
around their respective peripheries to form a peripheral bond 
73 and cooperatively form a sealed element, in which tensile 
member 80 is positioned. First barrier layer 71 forms an upper 
surface of chamber 60, second barrier layer 72 forms a lower 
surface of chamber 60, and each of barrier layers 71 and 72 
form a portion of a sidewall surface of chamber 60. This 
configuration positions peripheral bond 73 at a position that is 
between the upper surface and the lower surface of chamber 
60. Peripheral bond 73 may, therefore, extend through the 
sidewall surface such that both first barrier layer 71 and sec 
ond barrier layer 72 form a portion of the sidewall surface. 
Alternately, peripheral bond 73 may be positioned adjacent to 
one of the upper surface or the lower surface to promote 
visibility through the sidewall Surface. Accordingly, the spe 
cific configuration of barrier 70 may vary significantly. In 
addition to peripheral bond 73, barrier 70 defines a plurality 
of flexion bonds 74 located inward of peripheral bond 73. 

Tensile member 80 may beformed as a plurality of separate 
elements of a textile structure that includes a first wall 81, a 
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8 
second wall 82, and a plurality of connecting members 83 
anchored to each of first wall 81 and second wall 82. First wall 
81 is spaced away from second wall 82, and connecting 
members 83 extend between first wall 81 and second wall 82 
to retain a Substantially constant spacing between walls 81 
and 82. As discussed in greater detail below, first wall 81 is 
bonded to first barrier layer 71, and second wall 82 is bonded 
to second barrier layer 72. In this configuration, the pressur 
ized fluid within chamber 60 places an outward force upon 
barrier layers 71 and 72 and tends to move barrier layers 71 
and 72 apart. The outward force supplied by the pressurized 
fluid, however, extends connecting members 83 and places 
connecting members 83 in tension, which restrains further 
outward movement of barrier layers 71 and 72. Accordingly, 
tensile member 80 is bonded to the interior surfaces of cham 
ber 60 and limits the degree to which barrier layers 71 and 72 
may move apart upon pressurization of chamber 60. 
A variety of techniques may be utilized to bond tensile 

member 80 to each of first barrier layer 71 and second barrier 
layer 72. For example, a layer of thermally activated fusing 
agent may be applied to first wall 71 and second wall 72. The 
fusing agent may be a sheet of thermoplastic material, such as 
thermoplastic polyurethane, that is heated and pressed into 
contact with first wall 71 and second wall 72 prior to placing 
tensile member 80 between barrier layers 71 and 72. The 
various elements of chamber 60 are then heated and com 
pressed such that the fusing agent bonds with barrier layers 71 
and 72, thereby bonding tensile member 80 to barrier 70. 
Alternately, a plurality of fusing filaments may be integrated 
into first wall 81 and second wall 82. The fusing filaments are 
formed of a material that will fuse, bond, or otherwise become 
secured to barrier layers 71 and 72 when the various compo 
nents of chamber 60 are heated and compressed together. 
Suitable materials for the fusing filaments include, therefore, 
thermoplastic polyurethane or any of the materials that are 
discussed below as being suitable for barrier layers 71 and 72. 
The fusing filaments may be woven or otherwise mechani 
cally manipulated into walls 81 and 82 during the manufac 
turing process for tensile element 80, or the fusing filaments 
may be subsequently incorporated into walls 81 and 82. 

Tensile member 80 includes a plurality of separate ele 
ments that correspond in location to sole elements 51 of 
midsole 32. More particularly, the separate elements of ten 
sile member 80 are shaped to generally correspond with sole 
elements 51, and the separate elements are positioned above 
sole elements 51. Flexion bonds 74 extend between the sepa 
rate elements of tensile member 80 and correspond in loca 
tion to various sipes 52a-52l. An advantage of flexion bonds 
74 is that chamber 60 tends to flex or otherwise bendalong the 
various lines defined by flexion bonds 74. That is, flexion 
bonds 74 forman area of chamber 60 that is more flexible than 
other areas of chamber 60. In bending, therefore, the portions 
of chamber 60 that include the various separate elements of 
tensile member 80 will flex with respect to each other along 
the lines defined by flexion bonds 74. In some configurations 
of chamber 60, the separate elements of tensile member 80 
may exhibit different thicknesses to vary the thickness of 
chamber 60 in different locations. For example, areas of 
chamber 60 corresponding with the arch of the foot may have 
greater thickness than other areas. 

Sipes 52a-52l define various areas or Zones of flexion in 
sole structure 30. As discussed above, the positions, orienta 
tions, and depths of sipes 52a-52l are selected to provide 
specific degrees offlexibility in selected areas and directions, 
and sipes 52a-52l may be utilized to provide the individual 
with a sensation of natural, barefoot running. Flexion bonds 
74 promote this purpose by enhancing the flexibility of cham 
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ber 60 in areas corresponding with sipes 52a-52l. Further 
more, sipes 52a and 52b are substantially parallel to each 
other, and flexion bonds 74 that correspond with sipes 52a 
and 52b will also be substantially parallel to each other. 
Similarly, sipes 52c-52l are substantially parallel to each 
other, and flexion bonds 74that correspond with sipes 52c-52d 
will also be substantially parallel to each other. 

The portions of chamber 60 that include tensile member 80 
are effectively formed from seven layers of material: first 
barrier layer 71, the fusing agent adjacent to first barrier layer 
71, first wall 81, connecting members 83, second wall 82, the 
fusing agent adjacent to second barrier layer 72, and second 
barrier layer 72. In order for these portions to flex when 
chamber 60 is pressurized or otherwise inflated, each of the 
seven layers of material (with the potential exception of con 
necting members 83) must either stretch or compress in 
response to a bending force. In contrast, the portions of cham 
ber 60 corresponding with flexion bonds 74 is effectively 
formed from two layers of material: first barrier layer 71 and 
second barrier layer 72. In order for this portion to flex, only 
barrier layers 71 and 72 must either stretch or compress in 
response to the bending force. Accordingly, the portion of 
chamber 60 corresponding with flexion bonds 74 will exhibit 
greater flexibility due to the decreased number of materials 
present at flexion bonds 74. 

Flexion bonds 74 may include various gaps that permit the 
fluid in chamber 60 to circulate throughout chamber 60. That 
is, each of the areas of chamber 60 that include the separate 
elements of tensile member 80 may be in fluid communica 
tion. In this configuration, the pressure of the fluid will be 
substantially equal in each area of chamber 60. As an alter 
native, flexion bonds 74 may prevent fluid communication 
among various areas of chamber 60. For example, flexion 
bonds 74 may form various Sub-chambers corresponding 
with each of the separate elements of tensile member 80, or 
flexion bonds 74 may separate areas of chamber 60 corre 
sponding with regions 11-13. An advantage to preventing 
fluid communication among various areas of chamber 60 is 
that the areas may each have different initial pressures. For 
example, the portions of chamber 60 inforefoot region 11 and 
heel region 13 may have a higher fluid pressure than the 
portion in midfoot region 12. 
The material forming barrier 70 may be a polymer mate 

rial. Such as a thermoplastic elastomer. More specifically, a 
suitable material for barrier 70 is a film formed of alternating 
layers of thermoplastic polyurethane and ethylene-vinyl alco 
hol copolymer, as disclosed in U.S. Pat. Nos. 5,713,141 and 
5,952,065 to Mitchelletal, hereby incorporated by reference. 
A variation upon this material wherein the center layer is 
formed of ethylene-vinyl alcohol copolymer; the two layers 
adjacent to the center layer are formed of thermoplastic poly 
urethane; and the outer layers are formed of a regrind material 
of thermoplastic polyurethane and ethylene-vinyl alcohol 
copolymer may also be utilized. Another suitable material for 
barrier 70 is a flexible microlayer membrane that includes 
alternating layers of a gas barrier material and an elastomeric 
material, as disclosed in U.S. Pat. Nos. 6,082,025 and 6,127, 
026 to Bonk et al., both hereby incorporated by reference. 
Other suitable thermoplastic elastomer materials or films 
include polyurethane, polyester, polyester polyurethane, 
polyether polyurethane, Such as cast or extruded ester-based 
polyurethane film. Additional suitable materials are disclosed 
in U.S. Pat. Nos. 4,183,156 and 4,219,945 to Rudy, hereby 
incorporated by reference. In addition, numerous thermoplas 
tic urethanes may be utilized, such as PELLETHANE, a 
product of the Dow Chemical Company; ELASTOLLAN, a 
product of the BASF Corporation; and ESTANE, a product of 
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the B.F. Goodrich Company, all of which are either ester or 
ether based. Still other thermoplastic urethanes based on 
polyesters, polyethers, polycaprolactone, and polycarbonate 
macrogels may be employed, and various nitrogen blocking 
materials may also be utilized. Further suitable materials 
include thermoplastic films containing a crystalline material, 
as disclosed in U.S. Pat. Nos. 4,936,029 and 5,042,176 to 
Rudy, hereby incorporated by reference, and polyurethane 
including a polyester polyol, as disclosed in U.S. Pat. Nos. 
6,013,340; 6,203,868; and 6,321,465 to Bonk et al., also 
hereby incorporated by reference. The fluid contained by 
chamber 60 may be any of the gasses disclosed in U.S. Pat. 
No. 4.340,626 to Rudy, hereby incorporated by reference, 
such as hexafluoroethane and sulfur hexafluoride, for 
example. In addition, the fluid may include pressurized 
octafluorapropane, nitrogen, and air. The pressure of the fluid 
may range from a gauge pressure of Zero to forty pounds per 
square inch, for example. 
A variety of manufacturing methods may be employed for 

tensile member 80, including a double needle bar Raschel 
knitting process. Each of first wall 81, second wall 82, and 
connecting members 83 may be formed of air-bulked or oth 
erwise texturized yarn, such as false twist texturized yarn 
having a combination of Nylon 6.6 and Nylon 6, for example. 
Although the thickness of tensile member 80, which is mea 
Sured when connecting members 83 are in a tensile state 
between first wall 81 and second wall 82, may vary signifi 
cantly within the scope of the present invention, a thickness 
that is suitable for footwear applications may range from 2 to 
15 millimeters. As noted above, the separate elements of 
tensile member 80 may exhibit different thicknesses to vary 
the thickness of chamber 60 in different locations. 

Connecting members 83 may have a denier per filament of 
approximately 1 to 20, with one Suitable range being between 
2 and 5. The individual tensile filaments that comprise con 
necting members 83 may exhibit a tensile strength of approxi 
mately 2 to 10 grams per denier and the number of tensile 
filaments per yarn may range from approximately 1 to 100, 
with one suitable range being between 40 and 60. In general, 
there are approximately 1 to 8 yarns per tuft or strand and 
tensile member 60 may be knitted with approximately 200 to 
1000 tufts or strands per square inch of fabric, with one 
suitable range being between 400 and 500 strands per square 
inch. The bulk density of the fabric is, therefore, in the range 
of about 20,000 to 300,000 fibers per square inch-denier. 

Connecting members 83 may be arranged in rows that are 
separated by gaps. The use of gaps provides tensile member 
80 with increased compressibility in comparison to tensile 
members formed of double-walled fabrics that utilize con 
tinuous connecting yarns. The gaps may beformed during the 
double needle bar Raschel knitting process by omitting con 
necting yarns on certain predetermined needles in the warp 
direction. Knitting with three needles in and three needles out 
produces a Suitable fabric with rows of connecting members 
83 being separated by gaps. Other knitting patterns of needles 
in and needles out may also be used, such as two in and two 
out, four in and two out, two in and four out, or any combi 
nation thereof. Also, the gaps may be formed in both a lon 
gitudinal and transverse direction by omitting needles in the 
warp direction or selectively knitting or not knitting on con 
secutive courses. 
A variety of manufacturing methods may be employed to 

produce chamber 60. For example, a two-film technique may 
be utilized where the various elements of tensile member 80 
are arranged on and bonded to first barrier layer 71. Second 
barrier layer 72 is then bonded to opposite sides of the various 
elements oftensile member 80. Following bonding of tensile 
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member 80 to barrier 70, each of peripheral bond 73 and 
flexion bonds 74 are formed. Chamber 60 may then be pres 
Surized. As an alternative, a thermoforming process that is 
similar to a process disclosed in U.S. Pat. No. 6,837,951 to 
Rapaport may be utilized. As a further alternative, tensile 5 
member 80 is arranged on and bonded to first barrier layer 71 
and second barrier layer 72, peripheral bond 73 is formed, 
chamber 60 is pressurized, and then each of and flexion bonds 
74 are formed. 

Another configuration for sole structure 30 is depicted in 
FIGS. 12-14, in which the various elements oftensile member 
80 are joined by a plurality of links 84. As discussed above, 
the various elements oftensile member 80 may form areas of 
chamber 60 that are in fluid communication with each other. 
Links 84 define various fluid passages between areas of 15 
chamber 80. Although each of the elements oftensile member 
80 may be joined by links 84, FIGS. 12-14 depict a configu 
ration wherein the elements of tensile member 80 in each of 
regions 11-13 are not joined by links. This configuration 
permits, for example, the fluid pressure to vary between each 
of regions 11-13. 
An advantage to links 84 relates to manufacturing effi 

ciency. When tensile member 80 is formed from a plurality of 
separate elements, as in FIGS. 8-11D, each of the elements 
must be properly positioned with respect to barrier layers 71 
and 72. Links 84 effectively join the elements of tensile 
member 80 together to form a larger element that may be 
positioned more easily than a plurality of Smaller elements. 
The specific structure of chamber 60 is discussed above 

and depicted in the figures may vary significantly, For 
example, chamber 60 is disclosed as including a textile tensile 
member 80. In some embodiments, tensile member 80 may 
beformed from a foam material, or tensile member 80 may be 
absent. Although forming bonds between barrier layers 71 
and 72 is an effective manner of forming a flexion Zone in 
chamber 60, flexion bonds 74 may be absent in some embodi 
ments. That is, the flexion Zone in chamber 60 may beformed 
by unbonded portions of layers 71 and 72. Accordingly, 
chamber 60 may depart from the structure disclosed above 
within the scope of aspects of the present invention. 
Chamber 60, as discussed above, extends through substan 

tially all of a longitudinal length of footwear 10. In some 
embodiments, however, chamber 60 may be limited to one of 
regions 11-13 or one of sides 14-15, for example. Alternately, 
chamber 60 may extend through only two of regions 11-13. 45 
With reference to FIG. 15, chamber 60 is depicted as having 
a configuration that would be primarily located in forefoot 
region 11 and portions of midfooot region 12. 

Another article of footwear 10' is depicted in FIG. 16 as 
having an upper 20' and a sole structure 30'. Upper 20' is 50 
secured to sole structure 30' and may have any conventional 
or non-conventional configuration. Sole structure 30' 
includes a midsole 32', an outsole 33", and a chamber 60'. 
Midsole 32' is at least partially formed from a polymer foam 
material. Such as polyurethane or ethylvinylacetate, that at 55 
least partially includes chamber 60'. Midsole 32' includes a 
pair of areas 35a' and 35b' that are separated by a flexion line 
36', as depicted in FIG. 17. Area 35a' forms a majority of 
midsole 32' and extends along substantially the entire length 
of midsole 32". Area 35b' is located in a rear-lateral corner of 60 
midsole 32' and is positioned to contact the ground prior to a 
remainder of midsole 32 during running, for example. In 
comparison with the polymer foam material forming area 
35a', the foam material of area 35b' may be less dense. Flex 
ion line 36' separates areas 35a' and 35b' and forms a Zone that 65 
permits area 35b' to rotate or otherwise flex relative to area 
35. 
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Chamber 60', which is depicted in FIGS. 18-20B, is at least 

partially located within midsole 32 and includes an outer 
barrier 70' and a tensile member 80'. Barrier 70' may be 
formed of a polymer material that is Substantially imperme 
able to a pressurized fluid contained by chamber 60'. Tensile 
member 80' is formed from a pair of elements 85a' and 85b' 
and may have a textile structure that is similar to tensile 
member 80. Elements 85a' and 85b' are spaced from each 
other, and a flexion bond 76' extends between elements 85a 
and 85b'. Flexion bond 76' defines an area of flexion in cham 
ber 60' and is formed as a bond between opposite surfaces of 
barrier 70'. 
Chamber 60' is located in midsole 32' such that element 

85a' is positioned in area 35a' and element 85b' is positioned 
in area 35b'. As noted above, flexion line 36' separates areas 
35a' and 35b' and forms a Zone that permits area 35b' to rotate 
or otherwise flex relative to area 35a'. Similarly, flexion bond 
76 separates areas of chamber 60' and permits these areas to 
flex with respect to each other. Accordingly, flexion bond 76 
is aligned with flex line 36' to facilitate flexing in sole struc 
ture 30'. 
Chamber 60 and chamber 60' are discussed above and 

depicted in the figures as respectively including outer barrier 
70 and outer barrier 70', each of which may be formed from 
two sheets of a polymer material. In some embodiments, the 
barrier of a chamber may be formed from three or more 
layers. With reference to FIGS. 21-22B, a chamber 60" is 
depicted as being formed from three coextensive barrier lay 
ers 71",72", and 73". Barrier layers 71" and 72" are bonded to 
each other at various locations to define flexion bonds 74" 
with the general configuration of sipes 52a-52l. That is, when 
incorporated into midsole 32, for example, the various flexion 
bonds 74" will correspond in location to sipes 52a-52l. Bar 
rier layers 72" and 73" are bonded to each other at various 
locations to define bonds 75", which are offset from flexion 
bonds 74", as depicted in the cross-sections of FIGS. 22A and 
22B. Each of barrier layers 71"-73" are also bonded around 
the periphery of chamber 60" to form a peripheral bond 76" 

Flexion bonds 74 of chamber 60 define areas where the 
entire thickness of chamber 60 is the bonded area between 
opposite sides of outer barrier 70. Flexion bonds 74 may 
define, therefore, areas of decreased ground reaction force 
attenuation. In chamber 60", however, the area between bar 
rier layers 72" and 73" incorporate a fluid in the areas asso 
ciated with flexion bonds 74". That is, areas of chamber 60" 
associated with flexion bonds 74" also impart ground reaction 
force attenuation due to the fluid-filled areas between barrier 
layers 72" and 73". In some configurations, all three of barrier 
layers 71"-73" may be bonded in locations corresponding 
with sipes 52a-52l to impart greater flexibility, and other 
bonds may be offset to enhance ground reaction force attenu 
ation. 
Chamber 60" is depicted as forming flexion bonds 74" 

between barrier layers 71" and 72". In some embodiments, 
bonds 75" may correspond in location to sipes 52a-52l, or a 
combination of flexion bonds 74" and 75" may correspond in 
location to sipes 52a-52l. That is, chamber 60" may have a 
variety of configurations that impart flexion corresponding 
with flexion Zones in the sole structure. 

Another embodiment where the barrier of a chamber is 
formed from three or more layers is depicted in FIGS. 23-24B 
as a chamber 60", which is formed from three coextensive 
barrier layers 71",72", and 73". Barrier layers 71" and 72" 
are bonded to each other at various locations to define a 
plurality of laterally-extending bonds 77". Similarly, barrier 
layers 72" and 73"are bonded to each other at various loca 
tions to define a plurality of laterally-extending bonds 78" 
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that are offset from bonds 77". At various locations having 
the general configuration of sipes 52a-52l, all three barrier 
layers 71", 72", and 73" are bonded together to define a 
plurality of flexion bonds 74". That is, when incorporated 
into midsole 32, for example, the various flexion bonds 74" 
will correspond in location to sipes 52a-52l. 

Based upon the above discussion, fluid-filled chambers 
may define various flexion Zones that facilitate bending or 
flexing of the chambers. A sole structure may also incorporate 
a flexion Zone, and the flexion Zone of the chamber may be 
positioned to correspond with the flexion Zone of the sole 
structure to enhance the overall flexibility of the sole struc 
ture. Flexion Zones in a chamber may be formed as bonds 
between opposite surfaces or as areas where a tensile member 
or other element is absent. 
The invention is disclosed above and in the accompanying 

drawings with reference to a variety of embodiments. The 
purpose served by the disclosure, however, is to provide an 
example of the various features and concepts related to 
aspects of the invention, not to limit the Scope of aspects of the 
invention. One skilled in the relevant art will recognize that 
numerous variations and modifications may be made to the 
embodiments described above without departing from the 
Scope of the invention, as defined by the appended claims. 

That which is claimed is: 
1. An article of footwear having an upper and a sole struc 

ture secured to the upper, the sole structure comprising: 
a midsole element defining a first midsole portion and a 

second midsole portion separated by a midsole flexion 
Zone, the midsole flexion Zone extending in a longitudi 
nal direction and from a forefoot region of the footwear 
to a heel region of the footwear, the first midsole portion 
being rotatable with respect to the second midsole por 
tion at the midsole flexion Zone, the midsole flexion Zone 
being an indentation in the midsole that extends through 
at least one-half of a distance between a lower surface 
and an upper Surface of the midsole element; and 

a fluid-filled chamber having a first chamber portion and a 
second chamber portion isolated from fluid communi 
cation with each other by a chamber flexion Zone, the 
chamber flexion Zone being a bond between opposite 
sides of the chamber and extending in the longitudinal 
direction and from the forefoot region of the footwear to 
the heel region of the footwear, the first chamber portion 
being rotatable with respect to the second chamber por 
tion at the chamber flexion Zone, 

wherein the first chamber portion is coupled to the first mid 
sole portion, the second chamber portion is coupled to the 
second midsole portion, and the chamber flexion Zone is 
aligned with the midsole flexion Zone. 

2. The article of footwear recited in claim 1, wherein the 
midsole flexion Zone is a sipe that extends upward into the 
midsole element and extends between the first midsole por 
tion and the second midsole portion. 

3. The article of footwear recited in claim 1, wherein a 
tensile member is positioned in each of the first chamber 
portion and the second chamber portion. 

4. The article of footwear recited in claim 3, wherein the 
tensile member is at least partially absent in the chamber 
flexion Zone. 

5. The article of footwear recited in claim 3, wherein the 
tensile member is a textile material. 

6. The article of footwear recited in claim3, wherein sepa 
rate elements of the tensile member are positioned in each of 
the first chamber portion and the second chamber portion. 

7. The article of footwear recited in claim 1, wherein a 
plurality of additional midsole flexion zones and chamber 
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flexion Zones are oriented to extend in a lateral direction and 
between a medial side and a lateral side of the footwear. 

8. An article of footwear having an upper and a sole struc 
ture secured to the upper, the sole structure comprising: 

a midsole element at least partially formed from a polymer 
foam material and having a lower Surface and an oppo 
site upper Surface, the midsole element including a plu 
rality of sipes that extend upward into the polymer foam 
material from the lower surface and form midsole flex 
ion lines in the midsole element, the sipes defining a 
plurality of discrete sole elements that are separated by 
the sipes, and the midsole element including an inden 
tation that extends downward into the polymer foam 
material from the upper Surface; and 

a chamber located within the indentation, the chamber 
having an outer barrier with a first Surface and an oppo 
site second Surface that are bonded together around a 
periphery of the chamber to define a peripheral bond and 
seal a fluid within the chamber, the chamber including a 
plurality of interior bonds wherein the first surface is 
bonded to the second surface, at least a portion of the 
interior bonds corresponding in location with at least a 
portion of the sipes, and at least one of the interior bonds 
isolating a first Sub-chamber from fluid communication 
with a second sub-chamber. 

9. The article of footwear recited in claim 8, wherein the 
sipes include: 

a first sipe oriented in a longitudinal direction with respect 
to the footwear, the first sipe extending through at least a 
portion of a length of the sole structure; and 

a second sipe that extends laterally from a medial side to a 
lateral side of the sole structure. 

10. The article of footwear recited in claim 9, wherein the 
interior bonds include: 

a first bond oriented in the longitudinal direction and posi 
tioned above the first sipe, and 

a second bond that extends laterally and is positioned 
above the second sipe. 

11. The article of footwear recited in claim 8, wherein the 
chamber includes a plurality of tensile member elements 
located above the sole elements. 

12. The article of footwear recited in claim 11, wherein the 
tensile member elements are at least partially absent from an 
area of the chamber including the interior bonds. 

13. The article of footwear recited in claim 11, wherein the 
tensile member elements are formed from a textile material. 

14. An article of footwear having an upper and a sole 
structure secured to the upper, the Sole structure comprising: 

a midsole element having a plurality of sole elements and a 
connecting portion, the sole elements extending down 
ward from the connecting portion, and the Sole elements 
being separated by a plurality of Sipes that extend 
upward into the sole structure, the plurality of sipes 
including: 
a first sipe oriented in a longitudinal direction with 

respect to the footwear, the first sipe extending 
through a majority of a length of the sole structure, 
and 

a plurality of second sipes that extend laterally from a 
medial side to a lateral side of the sole structure; and 

a sealed and fluid-filled chamber having an outer barrier 
with a first Surface and an opposite second Surface, the 
chamber including: 
a first bond oriented in the longitudinal direction and 

positioned above the first sipe, and 
a plurality of second bonds that extend laterally and are 

positioned above the plurality of second sipes, 
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the first bond and the second bonds defining a plurality 
of sub-chambers that are isolated from fluid commu 
nication with each other. 

15. The article of footwear recited in claim 14, wherein the 
chamber is positioned within an indentation in an upper Sur 
face of the midsole element. 

16. The article of footwear recited in claim 14, wherein the 
chamber includes a plurality of tensile member elements 
located above the sole elements. 

17. The article of footwear recited in claim 16, wherein the 
tensile member elements are formed from a textile material. 

18. An article of footwear having an upper and a sole 
structure secured to the upper, the sole structure comprising: 

a midsole element formed from a polymer foam material, 
the midsole element defining a plurality of Sipes that 
extend upward into the polymer foam material, the plu 
rality of Sipes including: 
a first sipe oriented in a longitudinal direction with 

respect to the footwear, the first sipe extending 
through at least a portion of a length of the sole struc 
ture, and 

a plurality of second sipes that extend laterally from a 
medial side to a lateral side of the sole structure, at 
least a portion of the second Sipes intersecting the first 
sipe; and 
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a fluid-filled chamber including: 

a first bond that joins opposite sides of the chamber, the 
first bond being oriented in the longitudinal direction 
and positioned above the first sipe, and 

a plurality of second bonds that join the opposite sides of 
the chamber, the second bonds being oriented to 
extend laterally and positioned above the plurality of 
second Sipes, at least a portion of the second bonds 
intersecting the first bond, 

the first bond and the second bonds defining a plurality 
of sub-chambers that are isolated from fluid commu 
nication with each other. 

19. The article of footwear recited in claim 18, wherein the 
chamber is positioned within an indentation in an upper Sur 
face of the midsole element. 

20. The article of footwear recited in claim 18, wherein the 
chamber includes a plurality of tensile member elements 

*" located between the second bonds. 
21. The article of footwear recited in claim 20, wherein the 

tensile member elements are formed from a textile material. 


